entiation. In part because of this difficulty in differentiating mycobacterial species, M. genavense was only recently recognized to be different from M. avium. Little is known, therefore, about the epidemiology of M. genavense infection in either birds or humans. The possibility of zoonotic infection between immunocompromised individuals and their pets makes rapid detection and differentiation of these bacteria very important.
A PCR assay based on the amplification of a portion of the 65-kDa heat shock protein gene (hsp65) has previously been developed. 3 This gene contains sequences that are unique to various species of mycobacteria and contains portions that are universally conserved 13 and may therefore be useful both for detection and differentiation of mycobacterial species. Here, we describe the development of an assay that will rapidly differentiate M. avium from M. genavense. PCR was performed on analogous portions of the hsp65 of both organisms, and PCR products were cloned and sequenced. A restriction enzyme map was developed that allowed identification of restriction enzyme sites unique to each of the mycobacterial species. This combination of PCR followed by restriction enzyme digestion allows efficient detection and differentiation of M. avium and M. genavense.
Previously identified mycobacterial samples were obtained from a number of different species and sources (Table  1) . Mycobacterium avium isolates were grown on Middlebrook 7H10 plates a at 37 C; M. genavense isolates were grown in Middlebrook 7H9 broth a at 37 C. Mycobacterial DNA was extracted from lysates of cultured organisms by a previously described method using zirconium beads b and guanidine thiocyanate. c, 1 For PCR amplification, each 50 l of reaction mixture contained 10-100 ng of DNA lysate, 200 M (each) deoxynucleotide triphosphate, d 1 M (each) primers, 1.25 U of Taq polymerase, d 10 mM Tris HCl (pH 8.3), 50 mM KCl, and 1.5 mM MgCl 2 . Samples were amplified in a thermocycler e for 30 cycles (1 cycle consists of denaturation for 45 seconds at 95 C, annealing for 45 seconds at 60 C, and extension for 60 seconds at 72 C). The primer sequences are primer MKMTB13A: 5Ј-AGG-CGA-TGG-ACA-AGG-T-3Ј, and primer MPTB II: 5Ј-CCT-CGA-TGC-GGT-GCT-TGC-3Ј.These primers amplify a 693-bp fragment from both the M. avium and M. genavense hsp65 genes. The fragment corresponds to the region between nucleotides 609 and 1,310 of the Mycobacterium paratuberculosis hsp65 sequence in the GenBank database (R. Budjoso, accession number X74518). † These restriction fragments are very similar in size and typically appear as a single band under the stated electrophoresis conditions. ‡ Because of its small size, the 75-bp band is not consistently visible under the stated electrophoresis conditions. To facilitate sequencing, fresh PCR products (Ͻ1 day old) were initially cloned into the pCR 2.1 vector by using a TA Cloning Kit f according to the manufacturer's recommended protocols. Both mycobacterial species were subsequently sequenced multiple times, and consensus sequences were compared ( Fig. 1 ). Restriction enzyme maps were generated from consensus sequences to identify enzymes that would differentiate the bacteria upon digestion of amplified PCR product. Restriction enzyme digestion of PCR products was performed according to the manufacturers' recommendations. The resulting products were electrophoresed in a 1% agarose gel and were visualized with Gel Star g nucleic acid gel stain. Several enzymes, SalI, h BsteII, h and BglI, h were effective in distinguishing M. avium from M. genavense (Table 2). Nine independent confirmed isolates of M. avium were examined and compared with 5 confirmed M. genavense isolates. SalI and BsteII cut the 5 M. genavense PCR products but did not cut the PCR products of the 9 M. avium isolates. Conversely, BglI cut the M. avium PCR products but did not cut the M. genavense PCR products. For each of the 14 isolates, the restriction enzyme patterns generated were consistent with previous culture results and correctly identified M. avium and M. genavense in all cases ( Fig. 2 ; some data not shown).
The ability of the assay to differentiate M. avium from M. genavense in clinical specimens was then evaluated. Granulomatous lesions were obtained from a chicken and a redlored Amazon parrot, both of which had died from a mycobacterial infection. DNA was extracted from frozen tissues according to manufacturer's suggested protocols. i PCR was performed on the extracted DNA according to the protocol described above, and the resulting 693-bp fragments were digested with BsteII and BglI restriction enzymes. Restriction digests were consistent with M. genavense infection in the red-lored Amazon and M. avium infection in the chicken (data not shown). Unfortunately, because no samples were submitted for culture, the results from PCR cannot be compared with culture results.
Because of the recent distinction of M. avium and M. genavense as unique species, very little information is known about the transmission, virulence factors, or host range of M. genavense. By identifying molecular differences between these 2 organisms and creating a rapid test to differentiate them, important epidemiologic information can be gathered to learn more about M. genavense. The ability to detect M. genavense directly from infected tissues could be of great value to veterinary diagnostic laboratories, where mycobacterial culture in liquid medium is not always feasible. Moreover, by rapidly detecting these infections in birds, the possibility of zoonotic transmission from pet to owner may be reduced. The experiments described here using PCR amplification and restriction enzyme digestion of a portion of the hsp65 gene offer a rapid and simple assay for the detection of and distinction between M. avium and M. genavense.
